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ABSTRACT
Coronal jets are always produced by magnetic reconnection between emerging flux
and pre-existing overlying magnetic fields. When the overlying field is vertical/obilique
or horizontal, the coronal jet will appear as anemone type or two-sided-loop type. Most
of observational jets are of the anemone type, and only a few of two-sided-loop jets have
been reported. Using the high-quality data from New Vacuum Solar Telescope, Interface
Region Imaging Spectrograph, and Solar Dynamics Observatory, we present an example
of two-sided-loop jets simultaneously observed in the chromosphere, transition region,
and corona. The continuous emergence of magnetic flux brought in successively emerg-
ing of coronal loops and the slowly rising of an overlying horizontal filament threads.
Sequentially, there appeared the deformation of the loops, the plasmoids ejection from
the loop top, and pairs of loop brightenings and jet moving along the untwisting fila-
ment threads. All the observational results indicate there exist magnetic reconnection
between the emerging loops and overlying horizontal filament threads, and it is the first
example of two-sided-loop jets associated with ejected plasmoids and twisted overlying
fields.
Subject headings: magnetic reconnection — Sun: activity — Sun: filaments, promi-
nences
1. Introduction
Coronal jets, first discovered in soft X-ray on Yohkoh satellite (Shibata et al. 1992), are
transient and collimated plasma flows. Coronal jets represent a group of impulsive events in different
scales and develop in different layers of the solar atmosphere, including spicules, Hα surges, Extreme
ultraviolet (EUV) jets, and X-ray jets. Coronal jets always involve open field lines in coronal holes
(CHs) or large-scale closed loops (Shibata et al. 1992; Schmieder et al. 1995; Rachmeler et al.
2010; Pariat et al. 2015), which may provide possible contributions to coronal heating and solar
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wind acceleration (Innes et al. 1997; Cirtain et al. 2007; Shibata et al. 2007; Pariat et al. 2009;
Tian et al. 2014).
With the improvements of the temporal and spatial resolution of the telescopes, more and
more new morphological features and physical characteristics of solar jets are revealed (see the
recent reviews by e.g., Raouafi et al. 2016, and references therein), such as the composition of the
cool and hot components (Zhang et al. 2000; Liu & Kurokawa 2004; Jiang et al. 2007; Nishizuka
et al. 2008), the recurrence from the same arch-base (Cirtain et al. 2007; Pariat et al. 2010; Innes
et al. 2011; Jiang et al. 2013; Tian et al. 2014; Zhang et al. 2014b; Chen et al. 2015), and the
untwisting motions around the spire (Patsourakos et al. 2008; Liu et al. 2011; Shen et al. 2011;
Chen et al. 2012; Zhang et al. 2014a; Cheung et al. 2015; Lee et al. 2015; Liu et al. 2016). It is
generally believed that coronal jets are always formed by magnetic reconnection between emerging
flux and ambient pre-existing magnetic fields (Shibata et al. 1994; Raouafi et al. 2016).
According to the key mechanism of magnetic reconnection, coronal jets are classified into the
standard model and the blowout model with two magnetic reconnection processes (Moore et al.
2010, 2013; Sterling et al. 2015, 2016). On the other hand, Shibata et al. (1994) proposed two
types of coronal jets, namely the anemone type and two-sided-loop type, based on the different
configurations of overlying magnetic fields. The former are single field-directed jets that occur
between emerging flux and vertical/oblique magnetic fields, and the latter are bi-directional jets
or loop brightenings that form between the emerging flux and the overlying horizontal magnetic
fields (Yokoyama & Shibata 1995, 1996). The scenario of two-sided-loop jets also predicts that the
formation of some plasmoids (magnetic islands or blobs) are ejected in one direction accompanying
with the bi-directional jets, and the plasmoids confine a cool dense chromospheric plasma. Fur-
thermore, when there exist magnetic shear in the overlying fields, the vortex motion will appear
around the plasmoids (Yokoyama & Shibata 1996).
To our knowledge, only a few of the two-sided-loop jets have been reported, but the obser-
vations of plasmoids have never been detected in the cases (Alexander & Fletcher 1999; Jiang et
al. 2013). Can the rare two-sided-loop jets be detected frequently by observations with the high
temporal and spatial resolution? In this paper, we report a example of successive two-sided-loop
jets simultaneously observed in the chromosphere, transition region, and corona. The paper is or-
ganized as follows. Section 2 describes the observations; The main results are presented in Section
3; We give conclusions and discussion in Section 4.
2. Observations and Data Analysis
The two-sided-loop jets emanated from an emerging flux region (EFR) in NOAA active region
(AR) 12681 on 2017 September 23. To analyse the jet evolution, we employ the EUV observations
from Atmospheric Imaging Assembly (AIA: Lemen et al. 2012) onboard Solar Dynamics Obser-
vatory (SDO: Pesnell et al. 2012), the narrow-band slit-jaw images (SJIs) from Interface Region
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Imaging Spectrograph (IRIS: de Pontieu et al. 2014), and the Hα filtergrams from New Vacuum
Solar Telescope (NVST; Liu et al. 2014; Xiang et al. 2016) in the Fuxian Solar Observatory of
China. We mainly use three AIA EUV channels, including 304 A˚ (He II, ∼0.05 MK), 171 A˚ (Fe IX,
∼0.6 MK), and 131 A˚ (Fe VIII, ∼0.4 MK). Each AIA image covers the full disk (4096 × 4096 pixels)
of the Sun and up to 0.5 Rsun above the limb, with a pixel size of 0.
′′6 and a cadence of 12 seconds.
The event is also scanned in the IRIS 1330 and 1400 A˚ from 07:30 to 10:40 UT on September 23.
Each SJI has the field of view (FOV) of 120
′′×120′′ , and its time cadence and spatial resolution
are 20 seconds and 0.′′332, respectively. The NVST data used in this study were obtained in Hα
6562.8 A˚ from 07:21 to 09:00 UT on September 23. The Hα filtergrams have a spatial resolution
of 0.′′3, a cadence of 27 s, and a FOV of 151′′×151′′ , covering AR 12681.
To check the magnetic field evolution of the EFR, we utilise magnetograms from the Helioseis-
mic and Magnetic Imager (HMI: Scherrer et al. 2012), with a cadence of 45 seconds and pixel scale
of 0.′′6. In addition, the jets are also detected in the soft X-ray images of the X-ray Telescope (XRT;
Golub et al. 2007; Kano et al. 2008) on the HINODE (Kosugi et al. 2007), and we mainly employ
the Be thin images with a spatial resolution of ∼1.′′0 pixel−1 and a cadence of 90 seconds, though
only part of the jets are captured due to the saturation of the XRT images. Finally, the images in
different instruments are aligned by carefully comparing an obvious same feature (emerging loops,
brightenings, and plasmoids), all the images in each wavelength are de-rotated with a reference
image at ∼08:00 UT on September 23 by the routine DROT MAP of SolarSoft/IDL.
3. Results
3.1. Magnetic flux emergence
The overview of AR 12681 prior to the jets is shown in Figure 1. The AR consisted of a
leading positive domain sunspot and following negative polarities (green and blue arrows in panel
a). The EFR we selected involved the emerging loops (dotted boxes), and situated in the diffuse
following polarities close to the polarity inversion line (PIL; the red dotted line in panel a) of the
AR. Bundles of coronal loops in different heights and temperatures (arrows in panels b-c) straddled
the PIL and covered the EFR. A filament (F; the yellow arrow in panel e) suspended along the
PIL, and its north and south ends rooted in negative and positive polarities, respectively (blue and
green arrows in panel e). In its close-up view, the middle part of F appeared as some faint slender
threads (F1; the red arrow in panel f), connecting with dark portions on both sides (yellow arrows
in panel f). In this paper, we mainly focus on F and F1, though another two filaments (F2 and F3)
flew across F (white and black arrows in panels d-f).
Next, we focus on the evolution of the magnetic field in the EFR from one hour before the jet
onset (Figure 2). In the EFR, the dominant negative polarity (N1) emerged obviously, and merged
with the pre-existing other negative polarities in the south (blue arrows in panels a-d). A minor
positive polarity (P1; green arrows in panels b-d) was diffuse and faint, and enclosed one isolated
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negative polarity (N2; the black arrow in panel a). N2 was fading after its emergence (panel d).
The clear change of sizes for the P1, N1, and N2 in the magnetograms (panels a-d) likely indicates
the emergence and cancellation of magnetic flux. Note that there was another negative polarity
(N3; the white arrow in panel a) north to the EFR. Checked by the wavelet analysis, there are
some periods of 300-400 s in the curves of magnetic fluxes for the P1, N1, and N2 (panels e-f). It
is likely consistent with the 5-minute fluctuations of magnetic field due to the 5-minute p-mode
oscillation in a sunspot (Lites et al. 1998). Due to the fluctuations of the background magnetic
fields, the weaker emergence and cancellation in the P1a-N2 region (blue dotted boxes in panels
a-d) is not evident (panel e), but the strong emergence of N1 in the P1b-N1 region (white dotted
boxes excluding blue dotted boxes in panels a-d) is very obvious (panel f). The N1 (blue) keeps
growing, and has a rapid increasing phase from ∼08:10 to ∼08:30 UT. The magnetic flux of N1
(∼ 1019 Mx) is stronger than that of N2 (∼1018 Mx) by one order of magnitude, which indicates
the predominance of the emergence of N1 in the EFR. The jets just occurred during the rapid
increasing phase of N1, and the times of two major jets are indicated by vertical dotted lines in
panel f. The close temporal relationship shows that the continuous emergence of magnetic flux (N1
and P1) is intimately associated with the following jets.
3.2. Emerging loops
As the response for the magnetic flux emergence, small coronal loops emerged in the solar
atmosphere (Figure 3). In Hα, the part of F over the EFR was still nearly invisible at ∼08:03 UT,
but some filament threads (F1) became apparent and slowly rose (red arrows in panels a-c). On
the other hand, small short loops (L1; white arrows in panels d-i) appeared in IRIS SJIs and AIA
EUV images. Superposed with the contour of magnetic fields, the south footpoints of L1 clearly
rooted at N1. The north footpoints of short L1 anchored in P1 (yellow dotted boxes in upper panels
and Fig.2c) between N1 and N2 (blue and black arrows in panel b). Some minutes later, a new
longer L1 appeared (panels f and i), and its south footpoints situated at the P1 (red dotted boxes
in bottom panels and Fig.2c) north to N2.
Following its rise, the longer L1 became cusp in IRIS SJIs, AIA EUV and Hinode XRT images
(yellow arrows in Fig.4b-d), and there appeared some brightenings in the EFR in Hα (the white
arrow in Fig.4a). Sequentially, the cusp of L1 disrupted, and a bright loop-like jet ejected from the
top of L1 in IRIS 1400 A˚, AIA 171 A˚, and X-ray (green arrows in Figure 4f-h). The deformation
of L1 and the occurrence of the loop-like jet are likely as a result of the approach and interaction
between L1 and F1, and the jet nearly moved along the F1 (the red arrow in Fig.4e).
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3.3. Coronal jets
In a minute, there emerged another new L1 after the first loop-like jet (Fig.5b-d). Then, the
newly-emerged L1 again disrupted and spread into a bifurcated eruption that horizontally travelled
in opposite directions as the two-sided-loop jets (see the e online animated version of this figure).
The bi-directional jets were simultaneously seen in the chromosphere, transient region, and corona
(white and yellow arrows in panels e-h). The northward jet moved along a small loop (L2; white
arrows in panels f-g), shorter than 10
′′
, in the form of loop brightenings. The L2 connected P1
and N3 (green and black arrows in panels f-g). The southward jet was much more attractive, and
emanated from N1 (blue arrows in panels f-g). The southward jet propagated along F1 (red arrows
in left panels) to remote positive polarities (the green arrow in Fig.1e) for a longer distance more
than 30
′′
. In X-ray, only the southward jet was distinguished (yellow arrows in panels h and l),
and the L2 was occulted by the flaring core and overlying loops. Furthermore, the jets reoccurred
intermittently, due to the successive emergence of L1. Another strong two-sided-loop jets happened
at ∼08:24 UT as a pair of loop brightenings in the north and a southward jet (white and yellow
arrows in panels j-k). Because the loop brightenings were short and weak, we mainly study on the
southward strong jets.
Accompanying with the jets, some plasmoids/blobs escaped from the apex of the emerging L1,
and five distinguished plasmoids are shown in Figure 6 (blue arrows). The third plasmoids (panels
c-f) were tracked for a longer period, and other plasmoids were transient (panels a-b and h-i). The
trajectories of the third plasmoids were superimposed on the Hα filtergram (pluses in panel g),
which clearly shows the third plasmoids first moved eastward, and then flowed southward, and
finally disappeared near the F1 (the red arrow in panel g). It is similar to the vortex motion in the
simulation of Yokoyama & Shibata (1996). Along a horizonal dash line (S1; panel a), the evolution
of the third plasmoids is clearly shown in the time-slice plots (panels j-l) in IRIS 1330 A˚, and AIA
171 and 304 A˚. The eastward initial speed of third plasmoids was ∼90 km s−1 (blue dotted lines
in panels j-l). In addition, it is also clear that the fast rising speed of L1 was ∼15.4 km s−1 from
∼08:10 to ∼08:13 (the green dotted line in panel l), which is consistent with the emerging of the
longer L1 in Fig.3i. The L1 emergence lasted from 08:00 to 08:30 UT, and the two intense patches
(white arrows in panels j-l) are closely related with two major jets at ∼08:14 and ∼08:24 UT (green
vertical lines in panels j-l).
The evolution of the F1 during the jet propagation is shown in the original and running-
difference Hα filtergrams (Figure 7). Before the jet onset, the twist was evident (the red arrow in
panel a). The disconnection for the southward jets (yellow arrows in panels f-h) possibly indicates
that the southward jets moved with the untwisting F1 (panels f-i). As the jets successively occurred,
more and more filament threads of F1/F experienced an untwisting motion and became loose and
straight at ∼08:30 UT (red arrows in panels b-e).
The evolution of the southward jets and F1 is displayed in time-slice plots in Figure 8. Along
the jet path (S2 in Fig.7i), two major jets occurred at ∼08:14 and ∼08:24 UT (dashed vertical
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lines), respectively, consistent with the two strong patches in Fig.6j-l. The first jet was much more
prominent, and propagated for more than 35 Mm with a speed of ∼120 km s−1 (green dotted lines
in panels a-e). The second jet had a faster velocity of ∼250 km s−1 (blue dotted lines in panels a-d).
Across the southern F1 (S3 in Fig.7i), a rise speed of ∼6 km s−1 (the yellow dotted line in panel f)
indicates that the southern F1 began to slowly upwards lift near the occurrence time of jets (the
dashed vertical line in panel f). The transverse speed of ∼13 km s−1 (green and blue dotted lines
in panel f) confirms the untwisting motion of the southern F1. In the direction perpendicular to
the F1 (S4 in Fig.7i) over the EFR, the rise speed of ∼6 km s−1 (the green dotted line in panel g)
indicates that F1 over the EFR slowly rose following the emergence of short L1 at the early stage,
before the jet onset (the dashed vertical line in panel g).
4. Conclusions and Discussion
Combining with the high-quality observations from NVST, IRIS, and SDO, we report two-
sided-loop jets on 2017 September 23. Beneath an active region filament, the continuous magnetic
flux emergence in a small EFR induced the successively emerging loops (L1). At the early stage, a
short L1 appeared, and some overlying filament threads (F1) began to slowly rise at a speed of ∼6
km s−1. Then, a longer L1 appeared and had a rising velocity of ∼15 km s−1. After the deformation
(cusp) of the longer L1, the jets happened soon, and the southern F1 showed an upward expansion
of ∼6 km s−1 and a transverse motion of ∼13 km s−1. For the jets, the northward jets moved in
newly-formed short loops (L2) as loop brightenings, and the vigorous southward jets propagated
along the south newly-formed filament loops. We analyse two major two-sided-loop jets, the speeds
of two southward jets were ∼120, and ∼250 km s−1, respectively. The faster speed of the latter
jet is possibly caused by the decrease of magnetic field and rarefaction of plasma density after the
propagation of the former one. The jets were also accompanied with plasmoids from the top of
L1 and the untwisting motion of F1. These observations likely provide clear evidences of magnetic
reconnection between emerging loops (L1) and twisted filament threads (F1).
We suggest a scenario of the two-sided-loop jets in Figure 9. The loops (L1; pink) emanate from
the EFR, and their south and north ends root in the negative (N1) and positive (P1) polarities,
respectively. L1 slowly rises and approaches to the twisted filament threads (F1; blue), which
induces magnetic reconnection between L1 and F1 (the yellow cross). As a result, the north end of
L1 connects to the north end of F1, in the form of short loop brightenings (L2; orange); another
newly-formed filament loops (L3; red) links the south end of L1 with the south remote end of
F1. The southward powerful jets (the green arrow) moved along newly-formed L3. As another
production of magnetic reconnection, some plasmoids also escape eastward from the junction of L1
and F1 (the yellow cross), and then moved southward guided by F1 (yellow arrows in panel b). The
continuous emergence of magnetic flux drives the successively emerging of L1, and results in the
intermittent magnetic reconnection between L1 and F1. The intermittent magnetic reconnections
between L1 and F1 form some more L2 and L3 (panel c).
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The anemone jets and the two-sided-loop jets have a common nature of magnetic reconnection
between the emerging flux and overlying fields. When the overlying filed is predominant horizontal,
the resulting jets move in two different newly-formed closed loop structures (Yokoyama & Shibata
1995, 1996). Yokoyama & Shibata (1995) suggested that the two-sided-loop jets more likely appear
as transient loop brightenings, not a necessary jet form. In this paper, because the junction point
is close to the north ends of F1, the northward ejection moved along a newly-formed short loop
(L2) and appeared as loop brightenings, while the intense southward ejection propagated along the
longer untwisting filament threads in the form of jets. Hence, the two-sided-loop jets we studied
here consist of pairs of loop brightenings and jets.
Up to date, there are only a few observational example of two-sided-loop jets (Alexander
& Fletcher 1999; Jiang et al. 2013; Tian et al. 2017). The two-sided-loop jets in Tian et al.
2017 were suggested to be caused by magnetic reconnection between adjacent filamentary threads,
which is not accordant with the model of Yokoyama & Shibata (1995,1996). Alexander & Fletcher
(1999) reported the two-sided-loop jets with the observations of Trace and Yohkoh, and Jiang et al.
(2013) showed recurrent two-sided-loop jets that resulted from the magnetic reconnection between
a emerging bipole and overlying transequatorial loops with the data. The simulation of two-sided-
loop jets predicated the ejection of plasmoids (magnetic islands), and the plasmoids showed the
vortex motion around the plasmoids when the overlying field had magnetic shear (Yokoyama &
Shibata 1996). To our knowledge, the plasmoids or overlying sheared fields in the two-sided-loop
jet model has never been observed. Here, the two-sided-loop jets were observed simultaneously
in the chromosphere (NVST), transition region (IRIS), and corona (AIA and XRT), and were
associated with sheared fields (twisted filament threads) and plasmoids that have a vortex-like
motion (Fig.6g). It is in agreement with the case of overlying sheared fields for the two-sided-loop
jet model (Yokoyama & Shibata 1995, 1996).
Coronal jets always display untwisting motions of helical structures. The untwisting motion
always comes from the relaxation of the twist stored in the closed field, such as emerging bipole,
small-scale flux ropes (Canfield et a. 1996; Jibben & Canfield 2004; Pariat et al. 2009, 2010).
In this case, the signals in AIA EUV images and IRIS SJIs are too weak to determine if there is
the twist in the emerging L1. However, F1 had the twist stored in the filament threads. After
the magnetic reconnection, the southward jets moved along the newly-formed filament loop and
followed the untwisting motion of the filament threads. Therefore, the untwisting motion of jets
in this event likely originates from the pre-exist overlying filament threads (F1). In addition, the
untwisting velocity is nearly constant (∼13 km s−1) through the successive jets with different speeds
(Fig.8f), which also confirms that the untwisting motion is the intrinsic property of the twisted
filament threads. On the other hand, because there are bundles of coronal loops in different heights
over the F1 and L1 (Fig.1b-c), the jet mass just flowed horizontally along newly-formed filament
loops. Therefore, the successive jets are regarded as failed eruption, due to the strong confinement
of the overlying large-scale loops.
The magnetic field strength of the L1 south footpoints is B ≈ 68 G, and the initial density in
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the ambient corona is assumed to be ρ ≈ 5×10−19 g cm−3. Hence, the Alfve´n velocity is calculated
by vA = B/
√
4piρ ≈ 260 km s−1. According to the method in Yokoyama & Shibata (1996), the
speeds of plasmoids and jets are vplasmoid = 0.27vA ≈ 70 km s−1 and vjet = 0.7vA ≈ 182 km s−1,
which are comparable to that of the observations (90 and 120-250 km s−1). Furthermore, the length
of L1 was ∼15 Mm (∼20′′), and that in the simulation of Yokoyama & Shibata (1996) was ∼9.3
Mm. It seems that the two-sided-loop jets are always associated with shorted loops in the earlier
emergence phase. We suggest that the two-sided-loop jets may occur as frequent as anemone jets,
and they probably just show unresolved brightenings in low-resolution observations. It is a possible
reason for the rarity of two-sided-loop jets. Further better observations will be necessary to detect
more and more examples of two-sided-loop jets and probe their physical nature.
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Fig. 1.— Overview of AR 12681 and the EFR (dotted boxes) in an HMI line-of-sight magnetogram
(a), in AIA 171 and 304 A˚ (b and d), in XRT Be thin image (c), and in NVST Hα filtergrams (e-f).
The dashed box in (a) represents the FOV of (d-e), and the dashed box in panel (e) indicates the
FOV of panel (f). The yellow arrows point out the filament (F) containing the interested filament
threads (F1; the red arrow), and white arrows in panels (b-c) indicate the overlying multi-layer
coronal loops. Contours of HMI longitudinal magnetic fields at 08:00:32 UT are superposed on panel
(e) with positive (negative) fields in green (blue). The levels are 30, 40, and 50 G, respectively.
The blue and green arrows in panel (e) show the magnetic polarities of the F ends. The white and
black arrows in bottom panels show two overlying filaments (F2 and F3). The red dotted line in
panel (a) represents the PIL.
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Fig. 2.— (a-d) Evolution of the EFR (white dotted boxes) in HMI line-of-sight magnetograms with
a range of (-30,30). The blue and green arrows indicate the emerging negative (N1) and positive
(P1) polarities, respectively. The black and white arrows show another two negative polarities (N2
and N3). The yellow and red boxes indicate the north footpoints of emerging loops in Fig.3. (e)
The plots of the positive (green) and negative (blue) magnetic flux for the region of P1-N2 (blue
dotted boxes). (f) The curves of the positive (green) and negative (blue) magnetic flux for the EFR
excluding P1-N2 region. The vertical lines mark the times of two major jets.
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Fig. 3.— The appearance of the filament threads (F1; red arrows) in NVST Hα filtergrams and
the emergence of small loops (L1; white arrows) in IRIS 1400 SJIs, and in AIA 304 and 171 A˚.
Contours of HMI line-of-sight magnetic fields are superposed with positive (negative) fields in green
(blue), and the levels are 15, 30, and 45 G, respectively. The yellow and red boxes indicate the
north footpoints of L1. The dashed line (S1) in panels (h-i) is used to constructed the time-slice
plots in Fig.6.
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Fig. 4.— The cusp of L1 (yellow arrows) and the loop-like jet (green arrows) and the overlying
filament threads (the red arrow) in NVST Hα filtergrams, IRIS 1400 SJIs, AIA 304 and 171 A˚,
and XRT Be thin images. The white arrow in panel (a) indicates the brightenings before the jet
onset. Contours of HMI line-of-sight magnetic fields are superposed with positive (negative) fields
in green (blue), and the levels are 15, 30, and 45 G, respectively.
– 15 –
Fig. 5.— Following the emergence of a new L1 (black arrows), the loop brightenings (white arrows),
the untwisting F1 (red arrows), and southward jets (yellow arrows) in NVST Hα filtergrams, IRIS
1330 SJIs, AIA 304 and 131 A˚, and XRT Be thin images. Contours of HMI line-of-sight magnetic
fields are superposed with positive (negative) fields in green (blue), and the levels are 15, 30, and
45 G, respectively.
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Fig. 6.— (a-i) The successive plasmoids (blue arrows) associated with the jets. The trajectories
(blue pluses) of the plasmoids in panels (c-f) show a vortex-like motion close to the filament threads
(the red arrow in panel g). (j-l) The time-slice plots along the S1 (dashed lines in panels (e-f)).
The green dotted line shows the initial rise of the L1, and the blue dotted lines indicate the release
of the plasmoids. The white arrows point out two strong emergences.
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Fig. 7.— The evolution of the F1 (red arrows) during the jet propagation (yellow arrows) in the
original (a-e) and running-difference (f-j) Hα filtergrams. The dotted lines (S2-S4) in panel (i) are
used to constructed the time-slice plots in Fig.8.
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Fig. 8.— The time-slice plots for the propagation of the southward jets along S2 (a-e), the untwist-
ing motion of the F1 along S3 (f), and the rise of F1 before the jet onset along S4 (g). The vertical
dashed lines in panels (a-e) show the times of two major jets, and the jet speeds are obtained by
the green and blue dotted lines in panels (a-e). The vertical dashed line in panels (f-g) indicates the
beginning time of the first loop-like jet. In panel (f), the untwisting speeds are calculated by the
green and blue dotted lines, and the eastward expansion velocity of the untwisting F1 is measured
by the yellow dotted line. In panel (g), the ascent speed of the F1 before the jet onset is determined
by the green dotted line.
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Fig. 9.— The schematic representation showing the scenario of magnetic reconnection between the
emerging loops (L1; pink) and the twisted filament threads (F1; blue). As a result, the plasmoids
(green arrows) released from the junction (yellow cross) of F1 and L1, and there newly formed loop
brightening (L2; orange) in the north and the longer filament loops (L3) guiding the southward
jets (yellow arrows).
